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EXECUTIVE SUMMARY 
 
 
 This report documents results of a program to verify the emission reductions from two 
2,000 hp EMD GP38-2 locomotives when equipped with two versions of new multi-helix fuel 
injectors developed by CSX/EcoTrans.  The two locomotives were owned by the Burlington 
Northern Santa Fe Railway and are typically operated in the Houston, Texas area. 
 
 Table ES-1 summarizes the EPA Switch-Cycle duty cycle weighted exhaust emissions 
for the two BNSF locomotives, both in a baseline condition, and after being equipped with 
prototype fuel injectors developed by CSX. 
 

Table ES-1 also includes EPA Tier 0 exhaust emission standards for HC, CO, NOX, and 
PM.  Tier 0 regulations, which went into effect on January 1, 2000, are applicable to locomotives 
manufactured between January 1, 1973 and December 31, 2001. Tier 1 regulations are applicable 
to new locomotives manufactured between January 1, 2002 and December 31, 2004. 
 
 BNSF2205 was equipped with “CSX Multi-helix” injectors, and demonstrated EPA Tier 
1 NOx levels, as well as Tier 1 levels of HC, CO, and PM emissions.  
 
 BNSF2297 was equipped with “CSX VCO” prototype fuel injectors, and also 
demonstrated EPA Tier 1 NOx levels, as well as Tier 1 levels of HC, CO, and PM emissions. 
 

TABLE ES-1.  EMISSION REDUCTION FOR TWO EMD GP38 LOCOMOTIVES 
EQUIPPED WITH CSX MULTI-HELIX FUEL INJECTORS 

EPA Switch Cycle Weighted Emissions 
Locomotive/ 
Configuration 

HC, 
g/hp-hr 

CO, 
g/hp-hr 

NOX, 
g/hp-hr 

PM, 
g/hp-hr 

EPA Tier 0 Maximum 2.10 8.0 14.0 0.72 

EPA Tier 1 Maximum 1.20 2.5 11.0 0.54 

BNSF 2205 Baseline 1.10 2.1 11.3 0.47 

BNSF 2205 with CSX MH Injectors 0.77 2.3 10.1 0.37 

BNSF 2297 Baseline 0.96 1.9 12.1 0.40 

BNSF 2297 with CSX VCO Injectors 1.17 2.3 9.5 0.45 

 
 



1 

I.  BACKGROUND 
 
 This project was a follow-on to a 2003 TERP-funded project where EcoTrans 
Technologies Auxiliary Power Units (APUs) were installed in two Burlington Northern Santa Fe 
(BNSF) 2,000 hp EMD GP38-2 switcher locomotives1. The APUs were designed to minimize 
main engine idling time by providing stand-by services normally provided by the main EMD 16-
645-E engine at Idle. 
 
 As part of the TERP-funded program, both locomotives were equipped with data loggers 
to quantify main engine shut off time to determine the emissions benefits associated with the 
EcoTrans APU system. Both locomotives were monitored over one year of revenue service in 
the Houston, Texas area. The results of that earlier study are summarized in Table 1, and show 
that installing an APU in a GP38-2 locomotive resulted in an average projected annual diesel 
fuel savings of 22,000 gallons, and an average annual reduction in NOx emissions of 4.7 tons. 
 
 

TABLE 1.  PROJECTED ANNUAL FUEL SAVINGS AND EMISSION REDUCTIONS 
FROM INSTALLING AN APU ON EMD GP38 LOCOMOTIVES 

Projected Annual Fuel Savings and Emission Reductions After Installing 
Locomotive APUs 

Locomotive 
Fuel Savings,  

gal/year 
HC, 

tons/year 
CO, 

tons/year 
NOX, 

tons/year 
PM, 

tons/year 

BNSF 2205 21,000 1.0 1.5 4.5 0.16 

BNSF 2297 23,000 0.65 1.0 4.8 0.10 

Average annual reduction 22,000 0.80 1.3 4.7 0.13 

 
 
 In this NTRD-funded project, further reductions in overall switcher locomotive NOX 
emissions were assessed by focusing on the main EMD 16-645-E engine. Specifically, the 
objective of this project was to characterize the exhaust emissions of the main EMD 16-645-E 
engine after installing “multi-helix” fuel injectors. These injectors were developed by EcoTrans 
specifically for EMD switcher locomotive applications to reduce NOX emissions while 
minimizing any fuel economy penalty. Two types of double helix injectors were tested in this 
project, and the test results are the subject of this report. 
 
 
 
 

                                                 
1 Fritz, S.G. and R.L. Honc, “Locomotive APU Verification Testing”, SwRI Final Report 08-05643, August 
2003. 
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II.  TECHNICAL APPROACH 
 
 Locomotive exhaust emission tests for this project were performed by Southwest 
Research Institute (SwRI) at the Locomotive Technology Center in San Antonio, Texas. This 
facility was established in 1993 in cooperation with the Association of American Railroads 
(AAR) and the Southern Pacific Transportation Company (SP) at a former SP diesel mechanical 
shop. 
 
 Presented below is an overview of the technical approach used to conduct locomotive 
exhaust emissions testing.  Included is a description of the locomotives selected for testing, 
engine power measurements, fuel consumption measurements, the test fuel used in this program, 
exhaust emissions test procedures, analytical procedures, particulate measurement procedures, 
and smoke opacity test procedures. 
 
A. Test Locomotives 
 
 The two locomotives tested in this project were provided by the Burlington Northern 
Santa Fe Railway (BNSF).  Both were manufactured by the Electro-Motive Division of General 
Motors Corporation (EMD).  Each locomotive was equipped with a 2,000 hp roots-blown EMD 
model 16-645-E diesel engine.  Table 1 summarizes details on the two BNSF Locomotives, 
which are shown in Figure 1. 
 
 

TABLE 2.  BNSF LOCOMOTIVE DETAILS 

BNSF Locomotive Number BNSF 2205 BNSF 2297 

Locomotive Model EMD GP38 EMD GP38-2 

Locomotive Serial Number 36551 not available 

Locomotive Year of Manufacture 1970 1971 

Engine Model EMD 16-645-E EMD 16-645-E 

EMD Engine Serial Number 70-E2-1030 71-C2-1020 

 
 
B. EMD Engine Power Measurement 
 
 Most line-haul locomotives are equipped with the “dynamic brake” feature in which the 
electric motors used for traction are reverse-excited to become generators for slowing the train. 
The electrical power generated is dissipated in resistance grids.  Locomotives with the self-load 
feature can dissipate the main alternator power into these “dynamic brake” resistance grids. 
BNSF 2205 was equipped with dynamic brake grids capable of dissipating the full engine power, 
and these grids were used to load the stationary locomotive.  BNSF 2297 did not have 
functioning self-load capability, so an external load bank was used. 
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Figure 1.  EMD GP38 Test Locomotives 
 
 Engine flywheel (gross) power was determined by direct measurement of the main 
alternator voltage and current, plus auxiliary power values obtained from load box testing 
procedures published by EMD.  EPA test procedures call for direct measurement of main 
generator voltage and current, and for the manufacturer to apply a known generator efficiency to 
calculate gross power.  In this case, a single alternator efficiency of 93.9 percent was used for all 
test points, following EMD load box testing procedures.  Power for the various auxiliary systems 
(auxiliary generator, traction motor blower, inertial separator blower, and radiator fans) was 
computed using published EMD test procedures.  The air compressor on the locomotive was 
disabled during testing, and compressed air was supplied to the locomotive. 
 
 Power and fuel rates were recorded as observed values.  AAR-corrected, brake-specific 
fuel consumption (bsfc) values were computed using published EMD power correction factors. 
Observed power was used to report brake-specific exhaust emissions in g/hp-hr. 
 
C. Fuel Consumption Measurement 
 
 Diesel fuel consumption was measured on a mass basis, using a mass flow meter. The 
system was equipped with a heat exchanger to control fuel supply temperature at 90±10°F. Hot 
return fuel which would normally return to the locomotive on-board fuel tank was cooled before 
returning to the fuel measurement reservoir (“day tank”) to assure a consistent fuel supply 
temperature at the engine. 
 
D. Test Fuel 
 
 For this work, a diesel fuel meeting EPA’s specification for locomotive emissions test 
fuel was used for testing.  Properties of the test fuel are given in Table 2.  The sulfur level of the 
test fuel was 0.27 weight percent, which is roughly at the mid-point of the EPA specification of 
0.2 to 0.4 weight percent sulfur.  The test fuel was stored in a rail tank car. 
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E. Exhaust Emissions Test Procedure 
 
 Exhaust emission tests of the main EMD 16-645-E locomotive engines were performed 
using the locomotive Federal Test Procedure (FTP) detailed in the U.S. Code of Federal 
Regulations (CFR), Title 40, Part 92, “Emission Standards for Locomotives and Locomotive 
Engines.” 
 
1. Gaseous Emissions Sampling 
 
 A gaseous sample probe was designed using EPA locomotive test specifications. Gaseous 
emissions were sampled within the exhaust stack extension installed on the roof of the 
locomotive.  A heated line was used to transfer the raw exhaust sample to the emission 
instruments for analysis.  Measured gaseous emissions included hydrocarbons (HC), carbon 
monoxide (CO), carbon dioxide (CO2), oxygen (O2), and oxides of nitrogen (NOX). 
 
 Hydrocarbon concentrations in the raw exhaust were determined using a Rosemount 
Analytical model 402 heated flame ionization detector (HFID), calibrated on propane.  NOX 
concentration in the raw exhaust was measured with a Rosemount model 955 chemiluminescent 
analyzer.  NOX correction factors for engine intake manifold air temperature and ambient air 
humidity were applied as specified by EPA in 40 CFR §86.132(d).  Concentrations of CO and 
CO2 in the raw exhaust were determined by non-dispersive infrared (NDIR) instruments. 
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 TABLE 2.  LOCOMOTIVE TEST FUEL PROPERTIES 
 

Determinations ASTM 
Test Method 

Locomotive 
Cert. Fuel 

EM-3137C-F 
EPA 

Locomotive Spec. a 

API Gravity @ 60°F 
specific gravity 
density (lb/gal) 

D4052 36.8 
0.8408 
7.02 

32 - 37 
ns 
ns 

Viscosity @ 40°C (cSt) D445-83 2.52 2.0 - 3.2 

Sulfur (Wt%) D2622-94 0.2668 0.2 - 0.4 

Cetane Index D976 47.7 40 - 48 

Cetane Index D4737 47.8 ns 

Cetane Number D613-84 49.1 40 - 48 

Heat of Combustion 
    Gross (BTU/lb) 
    Net (BTU/lb) 
    Gross (BTU/gal) 
    Net (btu/gal) 

D240  
19,565 
18,361 
137,350 
128,900 

 
ns 
ns 
ns 
ns 

Carbon-Hydrogen Ratio 
    % Carbon 
    % Hydrogen 
    Hydrogen/Carbon Ratio 

D3178  
86.86 
13.26 
1.82 

 
ns 
ns 
ns 

SFC Aromatics 
  Total Mass % 
  Total Volume Percent b  
   PNA Mass % 

D5186-96  
30.8 
8.9 
8.3 

 
27 min. 

Hydrocarbon Type 
    Aromatics (%) 
    Olefins (%) 
    Saturates (%) 

D1319-84  
30.9 
1.3 
67.8 

 
ns 
ns 
ns 

Flash Point (�F) D93-80 148 130 min. 

Distillation D86-96 
% Recovered 
IBP 
10 
50 
90 
EP 

 
 
354 
417 
494 
592 
660 

 
Temp. �F 
340 - 400 
400 - 460 
470 - 540 
560 - 630 
610 - 690 

Notes:    a - Diesel fuel for locomotive testing as specified by EPA in 40 CFR 92, §92.113, Table B113-1. 
b - Aromatic hydrocarbons expressed in percent volume = 0.916 x (aromatic hydrocarbons expressed in percent 
      weight) + 1.33, per California Code of Regulations, Title 13, §2282 (c)(1). 
ns - not specified 
nd - not determined 

 
 
 Gaseous mass emission rates were computed using the measured concentration, the 
observed (measured) fuel consumption rate, and calculated engine airflow.  Following the FTP, 
engine airflow was not directly measured in this test program.  Instead, engine airflow was 
determined using a carbon balance of the carbon-containing constituents in the exhaust (CO2, 
CO, and HC) to compute the fuel/air ratio (f/a).  Engine airflow rate was then computed using 
the measured fuel consumption rate and the computed f/a ratio. 
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2. Particulate Emissions Sampling 
 
 Particulate emissions were measured at each test point using a “split then dilute” 
technique, in which a portion of the raw locomotive exhaust was “split” from the total flow and 
mixed with filtered air in a 10-inch diameter dilution tunnel.  The split sample was transferred to 
the dilution tunnel through a 2-inch diameter stainless steel tube that was insulated and 
electrically heated to 375°F. 
 
 A particulate sample was extracted from the dilute exhaust stream within the dilution 
tunnel through sample probes.  Particulate was accumulated on 90 mm fluorocarbon-coated glass 
fiber filters (Pallflex T60A20) at a target filter face velocity of 70 cm/s.  The filters were 
mounted in stainless steel filter holders and connected to the dilution tunnel.  Following the FTP, 
PM sampling began ten seconds after a throttle notch change, and continued for five minutes.  
Particulate filters were preconditioned and weighed before and after testing, following the FTP.  
The particulate mass emission rate was computed using the increase of mass on the filters, the 
volume of dilute exhaust drawn through the filters, and dilution air and raw exhaust flow 
parameters. 
 
3. Smoke Opacity Test Procedures 
 
 Smoke opacity was measured using a modified Public Health Service (PHS) full-flow 
opacity meter (smokemeter) mounted above one of the two locomotive exhaust stacks. This 
smokemeter used standard PHS smokemeter optics and electronics, but was modified to a 20-
inch diameter to accommodate larger exhaust plume diameters.  The construction, calibration, 
and operation of the smokemeter adhered to the FTP. 
 
 The smokemeter was aligned with the long axis of the rectangular exhaust stack, resulting 
in a through-exhaust path length of approximately 14 inches (as determined by the dimensions of 
the exhaust stack extension).  The center of the light beam was positioned 5±1 inches above the 
outlet of the exhaust stack extension.  A smokemeter control unit was located in the control 
building.  Voltage output proportional to opacity was recorded on a strip chart, along with engine 
speed.  Smoke opacity was continuously monitored during the EPA Locomotive Test Sequence. 
 
4. Duty-Cycle Weighting Factors 
 
 Table 3 gives the two duty cycles that were applied to the individual notch data points to 
compute duty-cycle weighted composite results.  The two EPA cycles are specified in Table 
B132-1 of §92.131 of CFR Title 40, Part 92 of the FTP.  For the two locomotives tested in this 
project, only the EPA Switch cycle is applicable, as “a locomotive designed or used solely for 
the primary purpose of propelling railroad cars a short distance, and that is powered by an 
engine with a maximum power rating of 2,300 hp or less.” 
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TABLE 3.  DUTY CYCLES USED TO COMPUTE  
WEIGHTED COMPOSITE EMISSIONS 

Throttle Notch Setting EPA Line-Haul Cycle EPA Switch Cycle 

Low Idle 19.0 % 29.9 % 

Idle 19.0 % 29.9 % 

Dynamic Brake 12.5 % 0.0 % 

Notch 1 6.5 % 12.4 % 

Notch 2 6.5 % 12.3 % 

Notch 3 5.2 % 5.8 % 

Notch 4 4.4 % 3.6 % 

Notch 5 3.8 % 3.6 % 

Notch 6 3.9 % 1.5 % 

Notch 7 3.0 % 0.2 % 

Notch 8 16.2 % 0.8 % 

TOTAL 100.0 % 100.0 % 
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III. EMISSION TEST RESULTS 
 
 EPA switch duty-cycle weighted exhaust emissions from the two EMD 16-645-E engines 
are summarized in Table 4, both in a baseline condition, and after being equipped with prototype 
fuel injectors developed by CSX. Detailed test data are given in Appendices A through D. 
 

Table 4 also includes EPA Tier 0 exhaust emission standards for HC, CO, NOX, and PM. 
Tier 0 regulations, which went into effect on January 1, 2000, are applicable to locomotives 
manufactured between January 1, 1973 and December 31, 2001. Tier 1 regulations are applicable 
to new locomotives manufactured between January 1, 2002 and December 31, 2004. 
 
 BNSF2205 was equipped with “CSX Multi-helix” injectors, and demonstrated EPA Tier 
1 NOx levels, as well as Tier 1 levels of HC, CO, and PM emissions.  
 
 BNSF2297 was equipped with “CSX VCO” prototype fuel injectors, and also 
demonstrated EPA Tier 1 NOx levels, as well as Tier 1 levels of HC, CO, and PM emissions. 
 
 

TABLE 4.  EMISSION REDUCTION FOR TWO EMD GP38 LOCOMOTIVES 
EQUIPPED WITH CSX MULTI-HELIX FUEL INJECTORS 

EPA Switch Cycle Weighted Emissions 
Locomotive/ 
Configuration 

HC, 
g/hp-hr 

CO, 
g/hp-hr 

NOX, 
g/hp-hr 

PM, 
g/hp-hr 

EPA Tier 0 Maximum 2.10 8.0 14.0 0.72 

EPA Tier 1 Maximum 1.20 2.5 11.0 0.54 

BNSF 2205 Baseline 1.10 2.1 11.3 0.47 

BNSF 2205 with CSX MH Injectors 0.77 2.3 10.1 0.37 

BNSF 2297 Baseline 0.96 1.9 12.1 0.40 

BNSF 2297 with CSX VCO Injectors 1.17 2.3 9.5 0.45 

 
 
 



 

APPENDIX A.  BNSF2205 BASELINE EMISSION RESULTS 
 



 

APPENDIX A.  BNSF2205 BASELINE EMISSION RESULTS 
 
 

 

Locomotive BNSF 2205, EMD-16-645E Engine, Baseline with original H&K injectors @ 4°BTDC
Tested 2/3/05 @ SwRI AAR 3x3 Weighted Results

obs AAR Corr. obs
Fuel Rate HC CO Corr. NOx PM Corr Fuel Rate w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM

Notch Gross HP (lb/hr) (g/hr) (g/hr) (g/hr) (g/hr) bsfc (lb/hr) WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)
8 2,042.5 864.0 1,049 7,638 22,236 2,072 0.431 881 25.0% 510.6 216.0 220.1 262.1 1909.5 5559.0 518.0
7 1,818.2 742.0 860 3,098 19,992 594 0.416 756 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1,468.9 576.0 543 1,063 15,357 598 0.400 587 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 1,216.8 472.0 449 560 11,841 421 0.395 481 25.0% 304.2 118.0 120.3 112.3 139.9 2960.1 105.3
4 938.5 355.0 336 288 8,804 251 0.384 361 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 686.6 272.0 304 299 6,222 192 0.404 277 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 336.3 142.2 216 322 2,825 95 0.431 145 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 148.5 72.0 159 285 1,658 61 0.494 73 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Low Idle 10.3 24.6 204 268 652 28 2.434 25 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 13.3 31.2 232 447 759 42 2.390 32 50.0% 6.7 15.6 15.9 116.1 223.7 379.6 20.8

DB-2 17.7 40.2 271 681 863 47 2.316 41 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sum = 100.0% 821.5 349.6 356.3 490.5 2273.1 8898.7 644.0

AAR 3x3  duty cycle weighted brake-specific emissions => 0.426 0.434 0.60 2.77 10.83 0.784
obs bsfc corr bsfc

EPA Switcher Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
Modal Brake-Specific Emissions HC CO Corr. NOx PM WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Notch (g/hp-hr) (g/hp-hr) (g/hp-hr) (g/hp-hr) Notch
8 0.51 3.74 10.89 1.01 8 0.8% 16.3 6.9 7.0 8.4 61.1 177.9 16.6
7 0.47 1.70 11.00 0.33 7 0.2% 3.6 1.5 1.5 1.7 6.2 40.0 1.2
6 0.37 0.72 10.45 0.41 6 1.5% 22.0 8.6 8.8 8.1 15.9 230.4 9.0
5 0.37 0.46 9.73 0.35 5 3.6% 43.8 17.0 17.3 16.2 20.1 426.3 15.2
4 0.36 0.31 9.38 0.27 4 3.6% 33.8 12.8 13.0 12.1 10.4 316.9 9.0
3 0.44 0.43 9.06 0.28 3 5.8% 39.8 15.8 16.1 17.6 17.3 360.9 11.1
2 0.64 0.96 8.40 0.28 2 12.3% 41.4 17.5 17.8 26.5 39.6 347.5 11.6
1 1.07 1.92 11.16 0.41 1 12.4% 18.4 8.9 9.1 19.8 35.4 205.5 7.6

Low Idle 19.76 25.97 63.29 2.68 Low Idle 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 17.46 33.63 57.08 3.12 Idle 59.8% 8.0 18.7 19.0 138.9 267.5 453.9 24.8

DB-2 15.32 38.45 48.73 2.68 DB-2 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sum = 100.0% 227.2 107.7 109.7 249.3 473.5 2559.3 106.1

EPA switcher duty cycle weighted brake-specific emissions => 0.474 0.483 1.10 2.08 11.27 0.467
obs bsfc corr bsfc

EPA Freight Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
Fuel-Specific Emissions HC CO Corr. NOx PM WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Notch (g/lb fuel) (g/lb fuel) (g/lb fuel) (g/lb fuel) Notch
8 1.21 8.84 25.74 2.40 8 16.2% 330.9 140.0 142.6 169.9 1237.4 3602.2 335.6
7 1.16 4.18 26.94 0.80 7 3.0% 54.5 22.3 22.7 25.8 92.9 599.8 17.8
6 0.94 1.85 26.66 1.04 6 3.9% 57.3 22.5 22.9 21.2 41.5 598.9 23.3
5 0.95 1.19 25.09 0.89 5 3.8% 46.2 17.9 18.3 17.1 21.3 449.9 16.0
4 0.95 0.81 24.80 0.71 4 4.4% 41.3 15.6 15.9 14.8 12.7 387.4 11.0
3 1.12 1.10 22.87 0.71 3 5.2% 35.7 14.1 14.4 15.8 15.5 323.5 10.0
2 1.52 2.26 19.87 0.67 2 6.5% 21.9 9.2 9.4 14.0 20.9 183.6 6.2
1 2.21 3.96 23.02 0.85 1 6.5% 9.7 4.7 4.8 10.4 18.5 107.7 4.0

Low Idle 8.27 10.87 26.50 1.12 Low Idle 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 7.44 14.34 24.33 1.33 Idle 38.0% 5.1 11.9 12.1 88.2 170.0 288.5 15.8
DB-2 6.74 16.93 21.46 1.18 DB-2 12.5% 2.2 5.0 5.1 33.9 85.1 107.8 5.9

sum = 100.0% 604.7 263.2 268.2 410.9 1715.7 6649.4 445.6

EPA freight duty cycle weighted brake-specific emissions => 0.435 0.443 0.68 2.84 11.00 0.737
obs bsfc corr bsfc
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APPENDIX B.  BNSF2205 EMISSION RESULTS WITH CSX MH INJECTORS 
 
 

 

Locomotive BNSF 2205, EMD-16-645E Engine, 2°BTDC with "Double Helix" injectors @ 0.78 rack
Tested 2/4/05 @ SwRI AAR 3x3 Weighted Results

obs AAR Corr. obs
Fuel Rate HC CO Corr. NOx PM Corr Fuel Rate w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM

Notch Gross HP (lb/hr) (g/hr) (g/hr) (g/hr) (g/hr) bsfc (lb/hr) WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)
8 1,966.4 887.0 984 19,800 15,898 2,176 0.459 902 25.0% 491.6 221.8 225.6 245.9 4950.1 3974.6 544.0
7 1,804.4 747.0 645 7,481 14,672 1,228 0.421 760 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1,457.1 573.0 479 1,923 11,677 552 0.400 583 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 1,249.1 480.0 429 827 9,788 364 0.392 489 25.0% 312.3 120.0 122.3 107.3 206.8 2447.0 91.1
4 1,044.5 399.0 418 442 8,761 316 0.389 407 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 734.4 282.0 87 266 6,029 228 0.391 287 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 324.6 137.0 54 341 2,609 49 0.430 140 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 147.9 70.8 38 355 1,816 24 0.488 72 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Low Idle 10.3 25.8 166 211 633 14 2.555 26 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 13.4 31.8 195 327 769 20 2.424 32 50.0% 6.7 15.9 16.2 97.4 163.3 384.6 9.8

DB-2 17.7 41.7 396 934 769 69 2.394 42 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sum = 100.0% 810.6 357.7 364.1 450.5 5320.2 6806.1 644.9

AAR 3x3  duty cycle weighted brake-specific emissions => 0.441 0.449 0.56 6.56 8.40 0.796
obs bsfc corr bsfc

EPA Switcher Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
Modal Brake-Specific Emissions HC CO Corr. NOx PM WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Notch (g/hp-hr) (g/hp-hr) (g/hp-hr) (g/hp-hr) Notch
8 0.50 10.07 8.08 1.11 8 0.8% 15.7 7.1 7.2 7.9 158.4 127.2 17.4
7 0.36 4.15 8.13 0.68 7 0.2% 3.6 1.5 1.5 1.3 15.0 29.3 2.5
6 0.33 1.32 8.01 0.38 6 1.5% 21.9 8.6 8.7 7.2 28.8 175.2 8.3
5 0.34 0.66 7.84 0.29 5 3.6% 45.0 17.3 17.6 15.4 29.8 352.4 13.1
4 0.40 0.42 8.39 0.30 4 3.6% 37.6 14.4 14.6 15.1 15.9 315.4 11.4
3 0.12 0.36 8.21 0.31 3 5.8% 42.6 16.4 16.7 5.0 15.4 349.7 13.2
2 0.17 1.05 8.04 0.15 2 12.3% 39.9 16.9 17.2 6.6 42.0 321.0 6.1
1 0.26 2.40 12.28 0.16 1 12.4% 18.3 8.8 8.9 4.8 44.0 225.2 3.0

Low Idle 16.14 20.49 61.42 1.39 Low Idle 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 14.53 24.37 57.40 1.46 Idle 59.8% 8.0 19.0 19.4 116.4 195.3 459.9 11.7

DB-2 22.40 52.77 43.44 3.88 DB-2 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sum = 100.0% 232.6 109.8 111.9 179.7 544.6 2355.2 86.6

EPA switcher duty cycle weighted brake-specific emissions => 0.472 0.481 0.77 2.34 10.12 0.372
obs bsfc corr bsfc

EPA Freight Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
Fuel-Specific Emissions HC CO Corr. NOx PM WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Notch (g/lb fuel) (g/lb fuel) (g/lb fuel) (g/lb fuel) Notch
8 1.11 22.32 17.92 2.45 8 16.2% 318.6 143.7 146.2 159.3 3207.7 2575.5 352.5
7 0.86 10.02 19.64 1.64 7 3.0% 54.1 22.4 22.8 19.3 224.4 440.2 36.8
6 0.84 3.36 20.38 0.96 6 3.9% 56.8 22.3 22.7 18.7 75.0 455.4 21.5
5 0.89 1.72 20.39 0.76 5 3.8% 47.5 18.2 18.6 16.3 31.4 371.9 13.8
4 1.05 1.11 21.96 0.79 4 4.4% 46.0 17.6 17.9 18.4 19.4 385.5 13.9
3 0.31 0.94 21.38 0.81 3 5.2% 38.2 14.7 14.9 4.5 13.8 313.5 11.8
2 0.39 2.49 19.05 0.36 2 6.5% 21.1 8.9 9.1 3.5 22.2 169.6 3.2
1 0.54 5.01 25.65 0.34 1 6.5% 9.6 4.6 4.7 2.5 23.1 118.1 1.6

Low Idle 6.44 8.18 24.52 0.55 Low Idle 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 6.12 10.27 24.19 0.62 Idle 38.0% 5.1 12.1 12.3 74.0 124.1 292.3 7.4
DB-2 9.51 22.40 18.44 1.65 DB-2 12.5% 2.2 5.2 5.3 49.6 116.8 96.1 8.6

sum = 100.0% 599.1 269.7 274.6 366.1 3857.9 5218.1 471.3

EPA freight duty cycle weighted brake-specific emissions => 0.450 0.458 0.61 6.44 8.71 0.787
obs bsfc corr bsfc  
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Locomotive BNSF 2297, EMD-16-645E Engine, Baseline H&K @ 4°BTDC
Tested 10/2/03 PM @ SwRI AAR 3x3 Weighted Results

obs AAR Corr. obs
Fuel Rate HC CO Corr. NOx PM Corr Fuel Rate w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM

Notch Gross HP (lb/hr) (g/hr) (g/hr) (g/hr) (g/hr) bsfc (lb/hr) WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)
8 2,006.9 835.0 1,798 14,170 22,176 1,528 0.416 835 25.0% 501.7 208.8 208.8 449.6 3542.4 5544.1 382.0
7 1,825.6 721.0 1,874 7,204 19,662 1,106 0.395 722 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1,445.4 557.0 581 1,763 15,760 575 0.386 557 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 1,199.5 458.0 501 791 12,987 434 0.382 458 25.0% 299.9 114.5 114.6 125.2 197.7 3246.7 108.5
4 898.1 332.0 379 381 8,824 272 0.370 332 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 531.1 204.0 238 378 4,398 107 0.385 205 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 246.0 103.0 154 323 1,990 59 0.420 103 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 40.1 36.6 131 134 946 20 0.916 37 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Low Idle 9.8 22.8 119 103 682 21 2.341 23 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 12.9 29.6 131 149 773 18 2.301 30 50.0% 6.5 14.8 14.8 65.6 74.6 386.4 9.1

DB-2 16.6 35.4 146 199 834 23 2.141 36 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sum = 100.0% 808.1 338.1 338.2 640.3 3814.7 9177.2 499.6

AAR 3x3  duty cycle weighted brake-specific emissions => 0.418 0.419 0.79 4.72 11.36 0.618
obs bsfc corr bsfc

EPA Switcher Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Modal Brake-Specific Emissions HC CO Corr. NOx PM Notch
Notch (g/hp-hr) (g/hp-hr) (g/hp-hr) (g/hp-hr) 8 0.8% 16.1 6.7 6.7 14.4 113.4 177.4 12.2

8 0.90 7.06 11.05 0.76 7 0.2% 3.7 1.4 1.4 3.7 14.4 39.3 2.2
7 1.03 3.95 10.77 0.61 6 1.5% 21.7 8.4 8.4 8.7 26.4 236.4 8.6
6 0.40 1.22 10.90 0.40 5 3.6% 43.2 16.5 16.5 18.0 28.5 467.5 15.6
5 0.42 0.66 10.83 0.36 4 3.6% 32.3 12.0 12.0 13.7 13.7 317.7 9.8
4 0.42 0.42 9.83 0.30 3 5.8% 30.8 11.8 11.9 13.8 21.9 255.1 6.2
3 0.45 0.71 8.28 0.20 2 12.3% 30.3 12.7 12.7 18.9 39.8 244.8 7.3
2 0.62 1.31 8.09 0.24 1 12.4% 5.0 4.5 4.6 16.2 16.6 117.3 2.5
1 3.26 3.34 23.60 0.49 Low Idle 29.9% 2.9 6.8 6.9 35.6 30.9 203.8 6.4

Low Idle 12.16 10.55 69.55 2.18 Idle 29.9% 3.9 8.9 8.9 39.2 44.6 231.1 5.4
Idle 10.16 11.56 59.91 1.41 DB-2 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DB-2 8.81 11.96 50.25 1.36 sum = 100.0% 189.7 89.6 89.8 182.3 350.2 2290.4 76.2

EPA switcher duty cycle weighted brake-specific emissions => 0.472 0.473 0.96 1.85 12.07 0.402
obs bsfc corr bsfc

EPA Freight Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Fuel-Specific Emissions HC CO Corr. NOx PM Notch
Notch (g/lb fuel) (g/lb fuel) (g/lb fuel) (g/lb fuel) 8 16.2% 325.1 135.3 135.3 291.3 2295.5 3592.6 247.5

8 2.15 16.97 26.56 1.83 7 3.0% 54.8 21.6 21.7 56.2 216.1 589.9 33.2
7 2.60 9.99 27.27 1.53 6 3.9% 56.4 21.7 21.7 22.7 68.8 614.6 22.4
6 1.04 3.17 28.29 1.03 5 3.8% 45.6 17.4 17.4 19.0 30.1 493.5 16.5
5 1.09 1.73 28.36 0.95 4 4.4% 39.5 14.6 14.6 16.7 16.7 388.3 11.9
4 1.14 1.15 26.58 0.82 3 5.2% 27.6 10.6 10.6 12.4 19.7 228.7 5.5
3 1.17 1.85 21.56 0.52 2 6.5% 16.0 6.7 6.7 10.0 21.0 129.3 3.9
2 1.49 3.14 19.32 0.58 1 6.5% 2.6 2.4 2.4 8.5 8.7 61.5 1.3
1 3.57 3.66 25.86 0.54 Low Idle 19.0% 1.9 4.3 4.4 22.6 19.6 129.5 4.1

Low Idle 5.23 4.54 29.89 0.94 Idle 19.0% 2.5 5.6 5.6 24.9 28.3 146.8 3.5
Idle 4.43 5.04 26.11 0.61 DB-2 12.5% 2.1 4.4 4.4 18.3 24.8 104.3 2.8
DB-2 4.13 5.61 23.56 0.64 sum = 100.0% 574.0 244.7 244.9 502.6 2749.3 6479.0 352.6

EPA freight duty cycle weighted brake-specific emissions => 0.426 0.427 0.88 4.79 11.29 0.614
obs bsfc corr bsfc

 
 



LOCfJmIVE EMISSIONS

00 GP38

BNSF 2297
Lall Idle

10/ 2/ 3

LOCfJfJTIVE I«X>EL

LOCOOTIVE UNIT I
TtROTTLE NOTCH

TEST DATE
TEST NlR4BER
~I FlEL COOE
BARMTER
DRY BULB TEMP

ASS HUMIDITY

.
-
-
-
-
.
.

1/11

EM.3137A.F
29.40 (in. Hg)
78. (OF)
62.72 (~/L8)

..
ENGINE PERFORMANCE SUMMARY:

ACCE~Y ~EPOWER:
AUXIlLARY GENERATCR HP

AIR C()4PRES~ HP

TRACTION ~~ Bl~R HP
INERTIAL SEPERATCR BlOWER HP -
RADIATCR FAN HP

TOTAl ACCESSORY HP =

22.8 (LB/~)
AlT. MPS - 8. ALT. EFF. -

9.8 OBS. SFC - 2.3333
339.01 (LB ~Y AIR/LB Ft£L)

G/HP'~

FUEL RATE (08S) .
ALT. VOLTS. 4.
FL~EL HP .

CALCULATED A/F .
G/~

119.2
103.4
696.2
681.6

EMISSIONS

II;

CO

NOX

NOX . CORR

CO2

02

CORRECTION FACT~ S~Y:

.9790

.9916

.9845

NOX.KH -
AIR TEMP CF -
FUEL 5.G. CF-

EPA NOX CF -
WET EXH 1-1; CF-
FUEL TEMP CF -

PARTICULATE INFORHATIc..

FILTER PAIR 1.0. tIJeER
FILTER PAIR WEIGHT GAIN (89)

SAMPLE VOLUME (scf)
DILUTE PH CONCENTRATION (mg/scf)

CO2-BASED DILUTION FK.TOR

PARTICULATE CONCENTRATION IN RAW EX}WJST (mg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)

BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SwRI PROJECT NO. 08.10152.01

~I SA. TX
EPA.FIR
Baseline
EK) 16-645£

TEST LOCATION .
C(HIUTER p~ .
TEST CONFI~TION -
ENGINE ImEL -

1.79
82.(OF)
63. (OF)
43. (%)

FUEL H/C RATIO

ENGINE INTME AIR
'lE;TBULBTEMP
RELATIVE .-JHIDITY

.

.

.

.

4.0
4.0
1.5
.2
.0

9.7

.
-

..937

(LB/Hp.HR)2.3412MR ~. SFC

C(K.

71. PM
31. PPH

125. PPH (D)

12.20
10.58
71.25
69.75

3315. .61 PCT
20.00 PCT

tl>X.KT

8M(J4 CF

FUEL HHV CF

- 1.0000
- 1.0047
- 1.0087

.9732

.9901

.9972

6350.0-299
1.580

39.983
.040

5.239
.207

21.4
2.186



LOC()()TIVE EMISSIONS

EHO GP38
BNSF 2297
Idle
10/2/3
2/11

LOCfJfJTIVE I«X>EL

LOC(H)TIVE UNIT I
TJROTTLE NOTCH

TEST DATE

TEST NlJeER

SwRI FUEL COOE

BAR()lETER

MY BULB TEMP

ASS KJ4IDITY

.

.

.

.

.

.
-
.
-

EM.3137A-F
29.34 (in. Hg)
79. (OF)
66.06 (~/LB)

ENGINE PERFORMANCE SUMMARY:

ACCE~Y ~EPc.{R:
AUXILlARY GENERATCR HP -
AIR C()4PRES~ HP -
TRACTION I()TOR BLOWER HP -
INERTIAl SEPERATOR BLOWER HP s

RADIATOR FAN HP =
TOTAL ACCESSCRY HP -

29.6 (LB/IR)
ALT. AMPS- 11. ALT. EFF. - .937

12.9 <8S. SFC - 2.2933
323.56 (LB DRY AIR/LB Ft£U

FUEL RATE «ES) -

ALT. VOLTS - 5.

FLNEEL HP -

CALCULATED A/F

EMISSIONS

HC
CO
NOX
t«>X . C~
CO2
02

G/lft

131.1
149.1
784.9
772.8

~CTION FACTOR SUMMARY:

.9847

.9911

.9850

NOX.KH .
AIR TEMP CF -
FUEL S.G. CF.

EPA NOX CF -
WET EXH f«: CF-
FUEL TEMP CF -

PARTICULATE INFORMATION

FILTER PAIR 1.0. NltmER

FILTER PAIR ~IGfT GAIN (RIg)

SAMPLE VOLlJ4E (scf)
DILUTE PM CONCENTRATION (mg/scf)

CO2-BASED DILUTION FACTCR

PARTICULATE CONCENTRATION IN RAW EXHAUST (mg/scf)

PARTICULATE MASS EMISSION RATE (g/hr)

BRAKE-SPECIfIC PARTICULATE EMISSION RATE (g/hp-hr)

~I PROJECT NO. 08-10152.01

~I SA. TX
EPA.FOR
Baseline
EtI! 16.645E

TEST LOCATION .
C<»tPUTER PR~ -
TEST ~FI~TI~ -
ENGINE tmEL -

Ft!:L H/C RATIO

ENGINE INTAKE AIR

WET BULB TEMP

RELATIVE ItI4IDITY

1.79
8l.C.F)
64. C.F)
44. ct)

.

.

.
-

4.0

5.1

3.2

.5

.0

12.8

AAR CORR. SFC 2.3009 (L8/HP.~)

G/Hp.~

10.16
11.55
60.81
59.87

3262.

GONG

63.PPHC
36. PPH

114. PPH (0)

. 64 PCT

19.90 PCT

.9805

.9905

.9972

NOX-KT
8AR(J4 CF
FUEL IItV CF

- 1.0000
- 1.0041
- 1.0087

6351.0-300
1.275

39.857
.032

4.453
.142

18.2
1.411



LOCOOTIVE EHISSI~S

Ell) GP38

BNSF 2297
DB.2

10/2/3
3/11

lOC(l()TIVE t«X)El

lOCOl>TIVE UNIT #
TtROTTlE NOTCH

TEST DATE

TEST tUeER

S~I FUEL CODE

BAROMETER

~Y BULB TEMP

ASS IU4IDITY

.

.

.

... EM.3137A.F
29.33 (in. Hg)
79. (OF)
66.09 «i{/LB)

...
ENGINE PERFORMANCE SUMMARY:

ACCESS<RY tmSEPMR:
AUXILLARY GENERATm HP ~

AIR COMPRESSOR HP .
TRACTION MOTOR BLOWER HP -
INERTIAL SEPERATm BLOWER HP .
RADIATm FAN HP .

TOTAL ACCESSORY HP .

35.4 (LB/tR)
ALT. AMPS - 13. ALT. EFF.. .937

16.6 <8$. SFC - 2.1334
- 309.13 (LB DRY AIR/LB FUEL)

FL(L RATE (OBS) -
ALT. VOLTS - 6.
FL Y\ftEEL HP -

CAlCULATED A/F

G/HR

146.2
198.5
847.1
834.2

EMISSIONS

I«:;

CO

NOX

NOX . CORR

CO2
02

~CTION FACTOR SUMMARY:

.9847

.9909

.9845

NOX-KH
AIR TEMP CF

FUEL S.G. CF.

EPA NOX CF -
WET EXH OC CF -

FUEL TEMP CF -

PARTICUlATE INF~TI(Jt

FILTER PAIR 1.0. N\JeER
FILTER PAIR WEIGfT GAIN (mg)
SAMPLE VOLUME (scf)
DILUTE PM CONCENTRATION (~/scf)
CO2-BASED DILUTI(Jf FAC~
PARTICULATE C~NTRATIOH IN RAW EXHAUST (lIg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)

BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SwRI PROJECT NO. 08.10152.01

~I SA. TX
EPA.FOR
Baseline
E~ 16.645E

TEST LOCATION
CMUTERPR00RN4
TEST CClfFIG.RATION -
EtI3INE IO>EL

.
-

FUEL H/C RATIO

ENGINE INTAKE AIR

WET BULB TEMP

RELATIVE .u.IDITY

1.79
SO.(OF)
64. (OF)
44. (t)

-.
-.

4.0

6.1

5.5

.8

.0

16.5

MR C~. SFt 2.1413 (LB/HP-HR)

C(»IC.G/HP-HR

8.81
11.96
51.05
50.27

3035.

6l.PPt«:

42 . PPM

108. PPM (D)

.67 PCT
19.80 PCT

- 1.0000
- 1.0041
- 1.0087

tl>X.KT
8AR(J4 CF
FUEL IfiV CF

.9805
- .9910

.9972

.

6352.0-301
1.700

39.419
.043

3.576
.154

22.5
1.358



LOCrJf:JTIVE EHISSI(J4S

00 GP38
BNSF 2297
Notch 1
10/2/3
4/11

LOComIVE I«X>EL

Lcml>TIVE UNIT'

1}R}rn.E NOTCH

TEST DATE

TEST NUteER

S~I FUEL CODE

BARMTER

MY BULB TEMP

ASS ttJHIDITY

.

.

.

.

.
EM.3137A.F
29.32 (in. Hg)
SO. (OF)
64.45 (~/LB)

.

.

.

.

ENGINE PERFORMANCE SUMMARY:

ACCESSORY OORSE~ER:
AUXILLARY GENERATOR HP -
AIR COMPRESSOR HP -
TRACTION MOTOR BLMR HP -
INERTIAL SEPERATOR BLOWER HP -
RADIATOR FAN HP .

TOTAL ACCES~Y ~ .

36.6 (LB/tR)
AlT. AMPS- 185. AlT. EFF. - .937

40.1 OBS. SFC - .9135 AAR CORR. SFC
- 256.73 (LB DRY AIR/LB FUEL)

FUEL RATE (reS) -
ALT. VOLTS - 103.
FL YHEL HP -

CALCULATED A/F

EMISSIONS

I«:

CO

tl>X

tl>X . C<FoR

CO2

02

G/IR

130.8
133.8
963.6
946.3

~CTI(Jf FAC~ SlH4ARY:

.9820

.9897

.9850

t«JX.KH .
AIR TI~ CF .
F\£L S.G. CF .

EPA NOX CF -
~ EXH HC CF-
FUEL TEMP CF -

PARTICULATE INF~TION

FILTER PAIR I.D. NlJeER
FILTER PAIR ft{IGfT GAIN (DIg)
SAMPLE VOL~E (scf)
DILUTE PH CONCENTRATION (mg/scf)
CO2-BASED DILUTION FACT<R
PARTICULATE CONCENTRATION IN RAW EXHAUST (Dg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)
BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SwRI PROJECT NO. 08-10152.01

~I SA. TX
EPA.FCR
Baseline
EHD 16-645E

TEST LOCATION -
C(JfIUTER PROORAH -
TEST CMIGJRATION .
Et«;INE I«X>EL -

Ftl:L H/C RATIO
Et«;INE INTAKE AIR
WET BULB TEll'
RELATIVE IIJfIDITY

1.79
81.(OF)
64. (OF)
41. (%)

~
...

4.0
5.1
3.2
.5
.0

12.8

.9163 (LB/HP-HR)

CONC.G/HP-j-R

3.26
3.34

24.05
23.62

1304.

64.PM
33 . PPM

143. PPM (D)

.81 PCT

19.50 PCT

.1.0000
- 1.0040

.1.0087

.9771

.9905

.9972

NOX-KT
BAR(I4 CF
FUEL IffY CF

6353.0-302
1.678

38.713
.043

3.630

.157

19.8

.493



EHISSI<J4S

00 GP38
BNSF 2297
Notch 2
101 21 3
5111

LOCCJ4OTIVE

LOCfJfJTIVE I(X)E:L
LOCOOTIVE UNIT'
~LE NOTCH
TEST DATE
TEST tUeER
5.1 FUEL CODE
BARMTER
~Y BULB TEMP
ABS .u4IDITY

.

.

.-
-
. EH.3137A.F

29.32 (in. Hg)
SO. (OF)
64.45 (~/LB)

.

.

.

ENGINE PERFORMANCE SUMMARY:

ACCE~Y IGSEP~R:
AUXILlARY T~ HPGENERA
AIR C()4PRESSM HP
TRACTION IoK)TOR BL~R HP -
INERTIAL SEPERATOR BLOWER HP -
RADIATOR FAN HP -

TOTAL ACCESSMY HP -

103.0 (LB/tR)
ALT. AMPS - 528.

FUEL RATE (08S) -
ALT. VOLTS - 301.
FLYHEL HP -

CALCULATED A/F
246.0

116.64 (LB.
G/~

153.5
323.4

2023.3
1989.9

EMISSIONS

..:
co
t«>x
t«>x . C~
CO2
02

~CTION FACTOR SUMMARY:

.9835

.9811

.9855

EPA NOX CF -
WET EXH HC CF-
FUEL TEMP CF -

NOX.KH .
AIR TEMP CF .

FUEL S.G. CF-

PARTICULATE INF~TION

FILTER PAIR I.D. NUMBER
FILTER PAIR WEIGHT GAIN (89)
SAMPLE VOllJ4E (scf)
DILUTE PH CONCENTRATION (mg/scf)
CO2. BASED DILUTION FACTOR
PARTICULATE CONCENTRATION IN RAW EXHAUST (mg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)
BRAKE.SPECIFIC PARTICULATE EMISSION RATE (g/hp.hr>

~I PROJECT t«>. 08-10152.01

~I SA. TX
EPA.F~
Baseline
EMD 16-645E

TEST LOCATION .
C(HIUTER ~ .
TEST C<»4FIQJRATION -
Et«1INE I«X)EL -

FUEL H/C RATIO

ENGINE INTAKE AIR

WET BULB TEMP

RELATIVE IUtIDITY

1.79
81.(OF)
64. (OF)
41.. (t)

.

.

..

4.0
6.1
5.5

.8

2.5
18.9

-.

ALT. EFF.. .937

OBS. SFC. .4187 AAR CORR. SFC

MY AIR/LB ftEU
.4201 (LB/HP-IR).

CONC.G/HP-IR

.62
1.31
8.23
8.09

601.

58.PPHC

62 . PPH

236. PPM (D)

1.80 PCT

18.20 PCT

.9790

.9905

.9972

t«JX-KT
BAR<»4 CF

FUEL IffY CF

- 1.0000

.1.0040

.1.0087

6354.0-303
3.131

37.895
.083

4.451
.368

59.3
.241



LOCOOTIVE EMISSIONS

EMD ~38
BNSF 2297
Notch 3
10/2/3
6/11

lOC(JI)TIVE HODEL

lOC(M)TIVE lJIIT #
T'rRJTTLE tmCH

TEST DATE

TEST NltmER

~I Ftl:l COOE
BAR(J4ETER

DRY BULB TEMP

ABS fJJMIDITY

.....
.
.

EM-3137A-F
29.31 (in. Hg)
SO. (OF)
64.48 (~/LB)

.
»

ENGINE PERFORMANCE SUMMARY:

ACCES5mY ~SEPCM:R:
AUXILLARY GENERATOR HP
AIR COMPRESSOR HP -
TRACTION MOTOR BLOWER HP -
INERTIAL SEPERATOR BLOWER HP -
RADIATOR FAN HP

TOTAL ACCESSORY HP -

204.0 (LI/ta)
AlT. AMPS - 782. AlT. EFF. - .937

531.1 ~S. SFC. .3841
- 74.95 (LB tRy AIR/LB FUEl)

FUEL RATE (~S) -
ALT. VOLTS - 444.
FLY'lHEL HP -

CALCULATED A/F

G/IR

238.2
378.0

4469 . 8
4397.7

EMISSIONS

oc
co
NOX
NOX.CMR
CO2
02

CORRECTION FACTOR SUMMARY:

.9839

.9724

.9850

NOX-KH -
AIR TEMP CF -
FUEL S.G. CF-

EPA NOX CF -
WET EXH OC CF-
FUEL TEMP CF -

PMTICULATE INFORHATI<JI

FILTER PAIR I.D. NUMBER
FILTER PAIR WEIGHT ~IN (~)
SNtPLE VOLUME (scf)
DILUTE PH CONCEN1RATICJf (mg/scf)
CO2.BASED DILUTION FACT~
PARTICULATE CONCENTRATION IN RAW EX~ST (mg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)
BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SwRI PROJECT NO. 08-10152.01

SwRI SA. TX
EPA.FCR
Baseline
00 16.645E

TEST LOCATI~ -
C<J4PUTER ~ -
TEST CONFI~TION -
ENGINE HOOEL -

1.79
81. (OF)
64. (.F)
41. (t)

FUEL H/C RATIO

ENGINE INTAKE AIR

WET BULB TEMP

RELATIVE KJlIDITY

....

4..0
8.3

13.8
2.1
6.4

34.5

AAR CORR. SFC .3853 (18/HP.~)

CONC.G/HP.HR

.45

.71
8.42
8.28

552.

71 . PPt«:
57. PPM

411. PPM (0)

2.82 PCT
16.90 PCT

t«>X-KT
BAR(I4 CF
FUEL ~V CF

- 1.0000
- 1.0039
- 1.0087

.9795

.9905

.9972

6355.0-304
3.681

39.287
.094

5.517
.517

106.6
.201



LOC(K)TIVE EMISSIONS

EMD GP38
BNSF 2297
Notch 4
10/2/3
7/11

LOCOI)TIVE IGIEL

LOC(M)TIVE lIfIT ,
nROTTLE flJTCH
TEST DATE
TEST NltIBER
s. I FUE L COOE
BAR()4ETER
my BULB TEMP
ASS HUMIDITY

..-.

.

.

.

..
EM-3137A.F
29.31 (in. Hg)
80. (OF)
64.48 (!it/Ll)

ENGINE PERF~E SUMMARY:

ACCESS<F.Y HORSEPOWER:
AUXILlARY GENERATffi HP

AIR C(J1PRES~ HP
TRACTION K3TOR BL~R HP
INERTIAL SEPERATOR BLOWER HP .
RADIATOR FAN HP -

TOTAL ACCESSORY HP -

332.0 (LB/tR)
ALT. AMPS - 1018. ALT. EFF.. .937

898.1 cm5. SFC. .3697
- 52.90 (LB DRY AIR/LB FUEL)

Ftl:L RATE COBS) .
ALT. VOLTS. 586.
FL MEEL HP .

CALCULATED A/F

EMISSI()4S G/HR

379.3
380.5

8967.9
8824.1

HC
CO
NQX
II)X.C~
CO2
02

~CTI~ FACTOR SUlflARY:

.9840

.9623

.9850

NOX-KH
AIR TEMP CF
FUEL 5.6. CF-

EPA NOX CF -
WET EXH I«: CF-
FUEL TEMP CF -

PARTICULATE INFORMATION

FILTER PAIR 1.0. t(JeER
FILTER PAIR WEIGHT GAIN (8g)
~LE VOLUME (scf)
DILUTE PH C~ENTRATI~ (Mg/scf)
CO2-BASED DILUTI~ FACT(R
PARTICULATE CONCENTRATION IN RAW EXHAUST (8g/scf)
PARTICULATE MASS EMISSION RATE (g/hr)

BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SWRI PROJECT NO. oe-10152.01

SwRI SA. TX
EPA.Fm
Baseline
E)I) 16-645E

TEST LOCATION -
C()4PUTER ~ -
TEST CONFI~TI<* -
ENGINE .-XJEL -

1.79
85.(OF)
64. (OF)
41. (%)

FUEL H/C RATIO

ENGINE INTME AIR
'rE;T BULB TEMP
RELATIVE IUtIDITY

.

.

.
-

4.0

9.4

20.1

3.0

9.3

45.9

-
.
.

.3701 (LB/Hp.HR)MR C~. SFC

CONC.G/HP.j-R

.42

.42
9.99
9.83

532.

98 . PPI«:

50. PPM

722. PPM (0)

4.02 PCT
15.30 PCT

- 1.0000

- 1.0039

.1.0087

t()X.KT

8AR()4 CF

FUEL ~V CF

- .9796
- .9887

.9972

6356.0-305
7.549

39.311
.192

5.936
1.140

271.5

.302



LOCOOTIVE EMISSlOO

00 GP38
BNSF 2297
Notch 5
10/2/3
8/11

LOC(M)TIVE KXJEL
um«>TIVE UNIT #
T1RJTTlE f«>TCH
TEST DATE
TEST NUMBER

~I FUEL CODE
BARMTER
~Y BULB TEMP
.-sS IU1IDITY

...

.
-

EM.3137A.F
29.30 (in. ttg)
SO. (OF)
64.51 (-.Ill)

-
.
.
.

ENGINE PERFORMAt«:E SUHHARY:

ACCES~Y HORSEPOWER:

AUXILLARY GENERATOR HP

AIR COMPRESSOR HP =
TRACTI~ MOTOR BL<M:R HP -
INERTIAL SEPERATOR BLOWER HP -
RMIATOR FAN HP -

TOTAL ACCES~Y HP -

458.0 (LB/tR)
ALT. AMPS - 1164. ALT. EFF. - .937

1199.5 OBS. SFC - .3818 AAR CORR. SfC
- 44.79 (LB MY AIR/LB FUEl)

FUEL RATE (08S) -
ALT. VOLTS - 682.
FLv.H:EL HP -

CALCULATED A/F

G/I-REMISSI<J4S

I-K:
CO
I«>X
I«>X . CCRR

CO2

500.8
790.9

13197.6
12986.9

02

a.ECTI~ FACTm $lH'ARY:

.9840

.9562

.9845

t«>x.K}f -
AIR TEll» CF -
FUEL 5.6. CF -

EPA NOX CF -
WET EXH OC CF-
FUEL TEMP CF -

PARTICULATE INFORMATION

FILTER PAIR I.D. NtaER
FILTER PAIR ~IGfT <iA.IN (~)
SAMPLE VOLM (scf)
DILUTE PH CONCENTRATION (mg/scf)
CO2.BASED DILUTION FACT~
PARTICULATE CONCENTRATION IN RAW EXHAUST (mg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)

BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

~I PROJECT t«). OS-10152.01

~I SA. TX
EPA.FCR.
Baseline
EHD 16-645E

TEST LOCATION -
CCH4PUTER p~ -
TEST CONFIGURATION -
ENGINE HODEL -

1.79
86.(OF)
64. (.F)
41. (t)

FUEL H/C RATIO

Et«;INE INTME AIR

WET BULB TEMP

RELATIVE tU4IDITY

..-.

4.0
10.9
31.7
4.8

14.7
66.0

-

.3821 (LB/HP-fR)

CONC.G/HP-IR

.42

.66
11.00
10.83

549.

110.PPHC

90. PPH

912. PPH (0)

4.76 PCT
14.30 PCT

- 1.0000
.1.0038
- 1.0087

.9797

.9883

.9972

f«>X.KT
BARCJt CF

FUEL lilY CF

2696.0-34
7.946

39.861
.199

7.802
1.555

434.1
.362



LOC(M)TIVE EHISSI~S

00 GP38
BNSF 2297
Notch 6
10/ 2/ 3
9/11

LOCOOTIVE tmEL
LOCOOTIVE UNIT #
MOTTLE NOTCH
TEST DATE
TEST NUMBER

s. I F\!: L COOE
8AR(J4ETER
MY BULB TEMP
MS ~IDITY

.
a
.
.
-
-
.
.
-

EH-3137A.f
29.30 (in. Hg)
81. (Of)
67. 78 (~/l8)

ENGINE PERFORMANCE SUMMARY:

ACCESSffiY ~EPMR:
AUXILlARY GENERATOR HP .
AIR COMPRESSOR HP .
TRACTI~ MOTOR BLMR HP .
INERTIAL SEPERATOR BLOWER HP .
RADIATOR FAN HP .

TOTAL ACCESSORY HP .

557.0 (LB/tR)
ALT. AMPS - 1270.

1445.4

FUEL RATE (OBS)
ALT. VOLTS - 740.

FL Y'lH:EL HP

CALCULATED AIF 39.90 (LB DRY AIR/LB FUEL)

G/HP.HREMISSIONS G/~

HC 581.0
CO 1763.3
NOX 15935.4
t«)X.C~ 15759.9
CO2
02

~CTION FACT~ SlJttARY:

.9890

.9512

.9850

NOX.KH -
AIR TEMP CF -
FlEl S.G. CF -

EPA NOX CF -

hf:T EXH HC CF-
FUEL TEMP CF -

PARTICULATE INFORMATION

FILTER PAIR 1.0. NlJeER

FILTER PAIR WEIGHT GAIN (mg)
SAMPLE VOLUME (scf)
DILUTE PH C<»4CENTRATI~ (~/scf)
CO2-BASED DILUTI<»t F~
PARTICULATE COt«:ENTRATION IN RAW EXHAUST (mg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)
BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

S~I PROJECT t«). 08-10152.01

~I SA. TX
EPA.F~
Baseline
00 16-645E

TEST LOCATION -
C()4PUTER PR~ -
TEST CONFI~TI~ -
ENGINE tmEL -

1.79
87.(OF)
65. (OF)
42. (t)

FUEL H/C RATIO

ENGINE INTAKE AIR

WET BULB TEMP

RELATIVE IUIIDITY

....

4.0
12.0
42.2
6.3

39.0
103.6

AlT. EFF.. .937
.3855 (LB/HP-HR)OBS. SFC - .3854 AAR CORR. SFC

CmIC.

118.PPHC

185. PPH

1019. PPM (D)

.40

1.22
11.03
10.90

554. 5.35 PCT

13.80 PCT

NOX.KT
BAR(J4 CF

FUEL IffY CF

- 1.0000

.1.0038
- 1.0087

.9860

.9878

.9972

2697.0-35
7.922

39.813
.199

9.528
1.896

574.8
.398



lOCOOTIVE EMISSIONS

EHD GP38
BNSF 2297
Notch 7
10/ 2/ 3
10/11
EM-3137A-F
29.29 (in. Hg)
SO. (OF)
64.54 (~/LB)

LOCOOTIVE t«J)EL

LOC(H)TIVE UNIT I
TtWJTTLE t«>TCH

TEST DATE
TEST Nlft4BER

s.I A.f:L COOE
8AR(J£TER
MY BULB TEMP
MS HUMIDITY

.

.

...
-
...

ENGINE PERF~E SlJt4ARV:

ACCESS(J{V HORSEP~R:
AUXILLARV ~NERAT~ HP
AIR COMPRESSOR HP -
TRACTION HOT~ BLOWER HP -
INERTIAL SEPERATOR BLOWER HP -
R.ADIAT~ FAN HP -

TOTAL ACCES5mV HP -

721.0 (LB/HR)
ALT. AMPS - 1422. ALT. EFF. - .937

1825.6 OBS. SFC - .3949 AAR CORR. SFC

- 35.28 (L8 DRY AIR/LB FUEL)

FlEL RATE (OBS) -
AlT. VOLTS - 825.
FL YYiEEL HP -

CAlCULATED AlF

G/HREMISSIONS

HC
CO
NOX
NOX.C~
CO2
02

1873.6
7203.7

19980.2
19662.4

ON FACTOR SUMMARY:CORRECT I

NOX-KH . .9797
AIR TEMP CF . .9887

FUEL 5.6. CF. .9972

.9841

.9458

.9850

EPA t«>X CF -
WET EXH OC CF-
FUEL TEMP CF -

PARTICULATE INFORHATI~

FILTER PAIR I.D. tlJ4BER
FILTER PAIR WEIGHT GAIN (89)
~LE VOLUME (scf)
DILUTE PM C~CENTRATI~ (8g/scf)
CO2.BASED DILUTI~ FK.TfJl.
PARTICULATE CONCENTRATION IN RAW EXHAUST (mg/scf)
PARTICULATE MASS EMISSION RATE (g/hr)

BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SWRI PROJECT NO. oe-10152.01

SwRI SA. TX
EPA.F~
Baseline
00 16-645E

TEST LOCATION -
COMPUTER ~ -
TEST CONFIGlRATION -
ENGINE ~L -

FUEL H/C RATIO

ENGINE INTAKE AIR

WET BULB TEMP

RELATIVE f(JIIDITY

1.19
85. (OF)
64. (OF)
41. (t)

....

4.0
13.8
64.2
9.6

59.4
151.1

.3954 (LB/HP-HR)

CONC.G/HP.tP.

1.03
3.95

10.94
10.77

561.

331.PPHC
663. PPM

1120. PPM (0)

6.00 PCT
12.80 PCT

8 1.0000

.1.0037

. 1.0087

NOX-KT
BAROH C F

FUEL ItiV CF

2698.0.36
19.218
39.182

.490
6.476
3.176

1105.7
.606



LOC(H)TIVE EMISSIONS

00 GP38
BNSF 2297
Notch 8
101 21 3
11/11

LOC()()TlVE I«X£L
LOCMJTIVE UNIT I
TtRJTTLE NOTCH

TEST DATE

TEST NlJeER

~I FUEL COOE

BMatETER

DRY BULB TEMP

ASS tI.JH I D ITY

..

.

.

.

. EH-3137A-F
29.29 (in. Hg)
82. (OF)
66.13 (8JlI)

.

.
-

ENGINE PERFORMANCE SUMMARY:

ACCE~Y ~SEPMR:
AUXILLARY GENERATOR HP
AIR COMPRESSOR HP ~

TRACTION HOT~ BLMR HP -
INERTIAL SEPERAT~ BLOWER HP -
RADIATOR FAN HP -

TOTAL ACCESS~Y HP -

835.0 (LB/I«)
ALT. AMPS. 1465. AlT. EFF.. .937

2006.9 OBS. SFC. .4161 AAR CORR. SFC
. 33.20 (LB DRY AIR/LB FUEL)

FUEL RATE «(mS)
ALT. VOLTS - 870.
FL Y\fiEEL HP

CAlCULATED A/F

EHISSI~S G/~

1798.2
14169.5
22479.9
22176.3

HC

CO
NOX
tl>X . COOR

CO2

02

ORECTIc.. FACT~ 5tMRy:

.9865

.9427

.9850

EPA NOX CF
hf:T EXH HC CF-
FUEL TEMP CF -

P«>X.KH -
AIR TEMP CF .
A.l:l S.G. CF -

PARTICULATE INFORMATI(If

FILTER PAIR I.D. N\JeER
FILTER PAIR WEIGHT GAIN (mg)
SAMPLE VOLUME (scf)
DILUTE PH CONCENTRATI~ (1Ig/scf>
CO2.BASED DILUTI<Jt FAC~
PMTICULATE COCENTRATION IN RAW EXHAUST (mg/scf)

PMTICULATE MASS EMISSION RATE (g/hr)
BRAKE-SPECIFIC PARTICULATE EMISSION RATE (g/hp-hr)

SwRI PROJECT NO. 08-10152.01

s.I SA. TX
EPA.F<R
Baseli~
EtI> 16-645E

TEST LOCATI(J4 .
CMUTER pR(BAM .
TEST CfJfFIGJRATION .
ENGINE tmEL .

FUEL H/C RATIO

ENGINE INTME AIR
'rE.T BULB TEMP
RELATIVE IU4IDITY

1.79
87. (OF)
65. (8F)
40. (f)

.-
-.

4.0
14.9
81.1
12.2
75.0

187.2

.4161 (LB/HP.Ifl.)

CONC.G/If)-HR

.90
7.06

11.20
11_05

587.

291.P~
1196 . PPM

1157. PPM CD)

6.34 PCT
12.30 PCT

tl>X.KT
BM(J4 CF
FUEL IffY CF

- 1.0000
- 1.0037
- 1.0087

.9828

.9878

.9972

2699.0-37
15.852
38.514

.412
9.766
4.020

1527.9
.761
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APPENDIX D.  BNSF2297 EMISSION RESULTS WITH CSX VCO INJECTORS 
 



 

APPENDIX D.  BNSF2297 EMISSION RESULTS WITH CSX VCO INJECTORS 
 
 
Locomotive BNSF 2297, EMD-16-645E Engine, CSX VCO + check @ 2°BTDC 
Tested 10/4/03 @ SwRI AAR 3x3 Weighted Results

obs AAR Corr. obs
Fuel Rate HC CO Corr. NOx PM Corr Fuel Rate w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM

Notch Gross HP (lb/hr) (g/hr) (g/hr) (g/hr) (g/hr) bsfc (lb/hr) WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)
8 1,971.5 810.0 723 3,505 19,346 719 0.413 814 25.0% 492.9 202.5 203.6 180.7 876.3 4836.6 179.9
7 1,773.9 697.2 458 1,652 17,188 578 0.395 701 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1,411.6 537.0 304 753 13,156 419 0.382 540 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 1,202.6 444.0 273 554 10,809 392 0.371 446 25.0% 300.7 111.0 111.5 68.4 138.4 2702.1 98.1
4 840.1 312.0 267 522 6,186 327 0.374 314 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 425.0 177.0 289 634 2,538 148 0.419 178 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 281.2 116.3 321 767 1,454 188 0.416 117 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 43.5 38.0 254 372 766 24 0.880 38 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Low Idle 9.9 23.0 139 241 546 15 2.334 23 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Idle 13.0 29.3 189 338 612 19 2.264 29 50.0% 6.5 14.7 14.7 94.7 169.2 305.8 9.4

DB-2 16.8 36.0 275 471 672 53 2.161 36 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sum = 100.0% 800.0 328.2 329.8 343.7 1183.9 7844.5 287.3

AAR 3x3  duty cycle weighted brake-specific emissions => 0.410 0.412 0.43 1.48 9.81 0.359
obs bsfc corr bsfc

EPA Switcher Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Modal Brake-Specific Emissions HC CO Corr. NOx PM Notch
Notch (g/hp-hr) (g/hp-hr) (g/hp-hr) (g/hp-hr) 8 0.8% 15.8 6.5 6.5 5.8 28.0 154.8 5.8

8 0.37 1.78 9.81 0.36 7 0.2% 3.5 1.4 1.4 0.9 3.3 34.4 1.2
7 0.26 0.93 9.69 0.33 6 1.5% 21.2 8.1 8.1 4.6 11.3 197.3 6.3
6 0.22 0.53 9.32 0.30 5 3.6% 43.3 16.0 16.1 9.8 19.9 389.1 14.1
5 0.23 0.46 8.99 0.33 4 3.6% 30.2 11.2 11.3 9.6 18.8 222.7 11.8
4 0.32 0.62 7.36 0.39 3 5.8% 24.7 10.3 10.3 16.7 36.7 147.2 8.6
3 0.68 1.49 5.97 0.35 2 12.3% 34.6 14.3 14.4 39.5 94.4 178.8 23.1
2 1.14 2.73 5.17 0.67 1 12.4% 5.4 4.7 4.7 31.4 46.1 94.9 3.0
1 5.83 8.55 17.60 0.56 Low Idle 29.9% 3.0 6.9 6.9 41.6 72.0 163.3 4.5

Low Idle 14.04 24.33 55.15 1.53 Idle 29.9% 3.9 8.8 8.8 56.6 101.2 182.8 5.6
Idle 14.56 26.02 47.04 1.44 DB-2 0.0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DB-2 16.37 28.04 40.02 3.18 sum = 100.0% 185.5 88.1 88.5 216.6 431.8 1765.4 83.9

EPA switcher duty cycle weighted brake-specific emissions => 0.475 0.477 1.17 2.33 9.52 0.452
obs bsfc corr bsfc

EPA Freight Duty Cycle Weighted Results
obs

w-BHP w-Fuel w-Fuel w-HC w-CO w-NOx w-PM
WF w-(lb/hr) w-(lb/hr) w-(g/hr) w-(g/hr) w-(g/hr) w-(g/hr)

Fuel-Specific Emissions HC CO Corr. NOx PM Notch
Notch (g/lb fuel) (g/lb fuel) (g/lb fuel) (g/lb fuel) 8 16.2% 319.4 131.2 131.9 117.1 567.9 3134.1 116.5

8 0.89 4.33 23.88 0.89 7 3.0% 53.2 20.9 21.0 13.7 49.6 515.6 17.3
7 0.66 2.37 24.65 0.83 6 3.9% 55.1 20.9 21.0 11.9 29.4 513.1 16.3
6 0.57 1.40 24.50 0.78 5 3.8% 45.7 16.9 17.0 10.4 21.0 410.7 14.9
5 0.62 1.25 24.34 0.88 4 4.4% 37.0 13.7 13.8 11.8 23.0 272.2 14.4
4 0.86 1.67 19.83 1.05 3 5.2% 22.1 9.2 9.3 15.0 32.9 132.0 7.7
3 1.63 3.58 14.34 0.84 2 6.5% 18.3 7.6 7.6 20.9 49.9 94.5 12.2
2 2.76 6.60 12.50 1.61 1 6.5% 2.8 2.5 2.5 16.5 24.2 49.8 1.6
1 6.67 9.79 20.15 0.64 Low Idle 19.0% 1.9 4.4 4.4 26.4 45.8 103.7 2.9

Low Idle 6.04 10.47 23.74 0.66 Idle 19.0% 2.5 5.6 5.6 36.0 64.3 116.2 3.6
Idle 6.46 11.55 20.87 0.64 DB-2 12.5% 2.1 4.5 4.5 34.4 58.9 84.1 6.7
DB-2 7.64 13.08 18.68 1.48 sum = 100.0% 560.0 237.3 238.6 313.9 966.7 5426.0 214.1

EPA freight duty cycle weighted brake-specific emissions => 0.424 0.426 0.56 1.73 9.69 0.382
obs bsfc corr bsfc

 
 
































